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Abstract. Vinore/bine (Navelbine®) is a new semi- 
synthetic vinca alkaloid which chemically differs from 
vinblastine by substitutions on the catharantine moiety 
of the molecule. It has shown promising experimental 
antitumor activity against experimental murine tumors 
as well as continuous cell lines of human neoplastic 
origin and human tumor xenografts in nude mice. Acute 
subacute and chronic toxicity extensively studied in 
rodents , dogs and primate has shown that hematotoxi- 
city was almost the sole side -effect; neurotoxicity 
appears very limited. Almost exclusive affinity of NVB 
for mitotic tubulin and tubulin associated protein 
accounts for this pattern of toxicity. Phase I and 11 
studies have been conducted in humans. Dose limiting 
side- effect appears to be neutropenia : the drug is 
slightly emetogenic T induces little alopecia, almost no 
neurotoxicity, and no other toxicity. Although preli- 
minary, results of phase II studies already suggest 
significant activity of NVB in non small lung cancer 
(33% response rate in 78 evaluable patients), advanced 
breast cancer (53% response rate in 33 pts without 
significant chemotherapy for the target progression) and 
Hodg kin's disease (90% response rate after 4 weekly 
courses in 31 pts). Thus extensive pharmacological 
studies and ongoing clinical studies confirm that 
chemical modifications of the catharantine moiety of 
vinca alcaloid can lead to active agents with broader 
spectrum of activity and easily manageable side effects. 

Actualites sur les vinca-alcaloTdes : la Navelbine® 

Resume. La vinorelbinc (Navelbine®) est un vinca- 
alcaloi'de semi-synthetique qui differe de la vinblastine 
par V introduction d'une double liaison dans le noyau 
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catharantine. Ella possede une activite antitumorale 
experimentale interessante a regard des leucemies et 
tumeurs murines, de lignces ceihduires tumorales 
d' origine hunwine et de xenogrejfes tumorales chez la 
sour is a thy mi que. Ses toxic lies aigues, subaigues et 
chroniques, extensivement etudiees chez le rongeur, le 
chien et le singe, se limitent prafiquement d la 
neutropenic; en parficulier, la tieinvtoxicite est tres 
minime. Son ajftnite presque exclusive pour la tubuline 
et le complexc ttdndine-proteines associees wicrottibu- 
laires du fuseau mi tod que rend bieti vompie de cette 
toxicologic. Les etudes cliniques precoces de phase I et 
II sonf engugees. La neutropenic est la toxiciie dose- 
limit ante; la molecule est faiblement emetogene, tres 
pen alopeciante et prafiquement non neurotoxique. Les 
resultats de phase II dejet ohtenus suggerent une activite 
tres significative dans les cancers bwnchiques non 
micro-cellulaires (33 % de reponses chez 78 maiades), 
lex cancers du sein metastaliques (53 % de reponses 
chez 33 maiades sans traitemeni significatif de I' evolu- 
tion metastatique) et la maladie de Hodgkin (90 % de 
reponses apres 4 cycles hebdomadaires de traitement 
chez 31 maiades). Une etude pharmacologique 
exhaustive et ies etudes cliniques en cours confirmenf 
que les modifications du noyau vindotine des vinca- 
alcaloules permettent I'obiention d' agents d spectra et 
niveau d' activite impor touts et a iqxicite reduite. 

Key words : Vinca-alkaloids — Navelbine® 



Since the original observation of antileukemic effect of 
vinca-alkaloids (VA) in mice, 19] this class of agents has 
originated intense research work leading to the identifi- 
cation and use of vincristine (VCR) and vinblastine 
(VLB) as anticancer agents, Vindesine (VDS), a semi- 
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synthetic VA has been studied since 1975 [17] : whether 
or not this compound has brought a significant improve- 
ment over the former VA in terms of spectrum of 
activity and/or tolerance remains unclear. Simulta- 
neously, mechanisms of action, pharmacokinetics, 
mechanisms of resistance have received meaningful 
attention. 

Those 3 molecules chemically differ by substitutions 
on the vindoline moiety of the molecule. An original 
synthesis process, using a modified Polonowki's reac- 
tion with Nbeatharuntine oxide allowed the production 
of anhydrovinhlastine and thus of nor-5 T - derivatives 
|7|, Among these, nor^'-anhydrovinblastine has shown 
promising experimental antitumor activity leading to 
extensive preclinical and clinical studies : these studies 
have confirmed the peculiar properties of the molecule 
and its clinical studies. Since most of the published 
material refer to nor-S'-anhydrovinblastine as navelbine 
instead of INN vinoreibine, we shall use this denomina- 
tion and the NVB abbreviation in this review. 



Chemical and physical data 



Structural formula 

The formula of NVB (3\4 f -didehydro-4'deoxy-C'-nor- 
vincalcucobiastine) us well as major differences with 
other VA are shown 'in Fig. I, It should be emphasized 
that these differences affect the catharantine moiety of 
the molecule. 



Physical properties 

Molecular weight of the di tartrate salt is 1079. 15; it is a 
yellow white amorphous powder; the molecule is soluble 
in water and ethanol; it is formulated as a ready to use 
saline solution of vinoreibine ditartrate (lOmg/ml of 
NVB). 

Experimental antitumor activity 

Experimental antitumor activity has been studied in a 
number of models both in vitro and in vivo. Whenever 
data concerning other VA with similar models ure 
available, they are described to allow for comparison. 

In vitro antitumor activity 

Antitumor activity of NVB has been studied on more 
than 30 malignant cell lines. In all cases but one (breast 
cancer cell line resistant to doxorubicine), 1C50 are in 
the range of 1CT 9 to i0" 7 M : such concentrations are 
readily achieved in man using a dose of 30 mg/nr. 
When compared to that of other VA (L12I0 leukemia, 
ovarian carcinoma A2780, breast cancer) activity is 
close to the one observed with the most active VA. If 
doses used in vivo in man are taken into account, the 
therapeutic index could be 10 to 40 times that of other 
VA. NVB ranked second on the NSCLCNGL2 ceil line 
(derived from non small eel) lung carcinoma). 

Results observed with cell-lines resistant to doxoru- 
bicin (L1210, A2780) suggest that pleiotropic drug 
resistance phenotype (PDR) strongly affects NVB acti- 
vity. 
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Table 1. Activity of vinorelbine on murine tumors grafted in mice 



Tumor/route 


Schedule 


_ » • u . „ i fir^ /iff \ 

Optimal I/C (%j 
NVB 


VCR 


VLB 


Conclusion 


P388/IV 


IV, Dl 


>253 


152 


176 


Active 


P388/IP 


IV t Dl 


>278 


168 


193 


Active 


P388/SC 


IV, Di, 7, 13 


>200 


>200 


>200 


Active 


P388MDR/IP 


IV, Dl 


<120 


NA 


<I20 


inactive 


LI210/IP 


IV, Dl 


184 


NA 


NA 


Active 


BI6/SC 


IP, DI-9 


168 


103 


145 


Active 



In vivo antitumor activity 

Antitumor activity of NVB has been studied on tumors 
grafted in mice. Main results are depicted in Table I. 
Those results achieved with both the tumor and NVB 
being administered by IP route are not shown. 

NVB shows significant activity against P388 
leukemia (the only VA to induce a significant cure rate)> 
L1210 leukemia and, the B16 melanoma. 

While IV route appears optimal, a significant 
activity is achieved by oral route (data not shown). 

Its activity is slightly dependant upon schedule with 
better results achieved with weekly administration. 

NVB retains some activity against a P388 subline 
resistant to VCR. 

NVB, given as a single IV dose has demonstrated 
activity against 5 human tumor xenografts in nude 
mouse ; LX-1 and QG-56 (lung, squamous carcinoma), 
QG-36 (lung, small cell carcinoma), MX-1 (breast 
cancer) and 04-1 -ST (gastric, adenocarcinoma). 

Toxicology studies 

General as well as specific studies directed towards 
neurotoxicity have been extensive. 

Acute toxicity 

LD10 is achieved, depending upon the species studied 
following a single dose of 7 (dog) to 60 mg/m 2 
(rodents). In those animals : dog appears the most 
sensitive specy, a common finding with VA; the dose 
-limiting toxicity is the hematological one; when 
compared to other VA, NVB LD10 is 3 td 15 times 
higher. 

Subacute and chronic toxicity 

Subacute and chronic toxicities of NVB have been 
studied in rats, dogs, rhesus monkeys using weekly 
administration, biweekly administration, IV administra- 
tion for 5 consecutive days every 3 weeks. Following 
parameters have been studied : lethal dose, clinical 



Table 2. Subacute and chronic toxicity of NVB 





Rats 


Dogs 


Rhesus 
monkeys 


MTD (mg/kg/w) 


2 


0,75 


2 


Duration (weeks) 


9 


12 


36 


neutropenia 


100% 


100% 


100% 


anemia 


>3 weeks 


mild 


mild 


thrombocytopenia 


none 


none 


none 


LFr (transaminases) 


>60% 


>60% 


none 


Cardiovascular 


none 


none 


none 


Respiratory 1 


none 


nunc 


none 


Neurotoxicity 


none 


none 


none 



condition, blood cell counts, electrolytes, liver function 
tests, neurotoxicity and pathology (Table 2) : 

- dogs are here again the most sensitive animal : 
maximum tolerated weekly doses are 2 mg/kg in rats, 
2 mg/kg in monkey sand 0.75 mg/kg in dogs; 

- administration for 5 consecutive days every 3 
weeks in monkeys compares favorably in terms of 
dose-intensity to weekly dosing; 

- myelosuppression is the main toxicity : it is 
manifested predominantly by a non cumulative rever- 
sible neutropenia. Mild anemia appears after repeated 
doses. No thrombocytopenia is observed; 

- hepatotoxicity manifested by reversible cytolysis 
is observed in rats and dogs but not in monkeys; 

- no neurotoxicity has been observed ; it was 
studied in monkeys, an animal specifically sensitive to 
VA neurotoxicity, using not only clinical examination 
but also pathological studies with specific myelin 
characterization, looking for axon and myelin degenera- 
tion and ensuing degeneration of striated muscles [18] : 
in those models neurotoxicity of VCR and VDS have 
been readily characterized [3]; 

- no modification of cardio-vascular or respiratory 
parameters has been observed; 

- spermatogenesis is unaffected in monkeys. 
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Mutagenesis 

As described with other VA, NVB is mutagenic in the 
chromosomal mutations tests (micronucleus test, Sister 
Chromatid Exchange) but is not responsible for gene 
mutation (Ame's test, LS178YTK+/-). 

Teratogenesis 

in mouse and rabbit, NVB is embryotoxic but no 
teratogenesis is observed. 

Pharmacokinetics, cellular pharmacology, 
mechanism of action 

Pharmacokinetics, cellular pharmacology and mecha- 
nism of action of NVB have deserved extensive studies 
which have brought insight on structure-activity rela- 
tionship with VA and peculiar activity/toxicity of NVB. 

Pharmacokinetics 

Pharmacokinetics have been studied , in animals and 
humans either using radio-labelled, NVB, or a sensitive 
and specific radio-immuno- assay [14], While large 
interspecies variations are observed, studies in primate 
and humans have demonstrated similar pharmacokinetic 
parameters. 

Plasma elimination curves. Main pharmacokinetic 
parameters in rat, primate and human [15] and compa- 
rison with those reported for other VA [3, 11, 16] are 
depicted in Table 3, 

In all species plasma decay of NVB follows a bi- or 
triphasic pattern : while there is good agreement at early 
times between RIA and measure of radioactivity, the 
discrepancies after 24 suggest that metabolites account 
then for the majority of radioactive material. Lower 
Cmax, shorter terminal half-life and higher clearance are 
noticed in rats as compared to human; pharmacokinetics 
in primate are similar to that in human. 

High protein binding (80%) is observed at early 
times and decreases thereafter. 

In most of the patients a dose and/or time depen- 
dance was evidenced, 



Tabic 3. Comparative pharmacokinetics of vinorelbine in rats, 
monkeys and humans. NVB was measured using RIA following a 
single IV bolus injection 





Rats 
(Wistar) 


M. Rhesus 


Humans 


Tmux 


5 min 


3 min 


5 min 


Plasma 


triphasic 


triphasic 


bi/lriphasic 


decay 






AUC (ng/ml/h) 


447 


1971 


2250 


Clairancc (1/h/kg) 


2.2 


0.53 


0,41 


Terminal TI/2 (h) 


10 


35 


22-68 



When compared to other VA, pharmacokinetics of 
NVB does not show striking differences. The correlation 
suggested by previous studies between the terminal 
half-life and the maximum weekly dose tolerated in 
human [12], does not stand true with NVB (Table 4). 

Thus pharmacokinetics of NVB cannot account for 
peculiar toxicity/activity spectrum. 

Elimination, Elimination of radiolabeled NVB has 
been studied in mouse, rat, primate and humans : less 
than 12% are found in urine within 72 h following IV 
bolus administration; 50-70% of radioactivity are elimi- 
nated in the feces. However in primates and humans less 
than 20% of radioactivity are recovered in the feces in 
the 48 h following injection. 

Thus no dose-modification is warranted in case of 
renal failure while dose adjustement can be needed in 
case of cholestasis. 

Metabolism: As pharmacokinetics had demonstrated 
that metabolism of NVB (and other VA) occurred, this 
metabolic pathway has deserved specific studies. 

• Perfusion of isolated rat liver. Those studies with 
3H-NVB have shown : that NVB is responsible for a 
transient decrease of biliary output; that intense hepatic 
extraction did occur with less than 60% of the infused 
dose recovered in the effluent in 2 h; active biliary 
excretion with bile concentrations 1000 to 7000 fold 
higher than in the effluent; with hepatic metabolism : 3 
metabolites account for 60% of bile radioactivity, 
although they are not found in the effluent. 



Table 4. Pharmacokinetics of vinca alkaloids in human values are expressed when data are available as mean H — SD) 



Parameter 


Vincristine 


Vinblastine 


Vindeaine 


Navelbine 


Tl/2 alpha 


2-6 min 


2-6 min 


1-3 min 


2*6 min 


Tl/2 beta (h) 


2.27 (1,50) 


1.64 (0.34) 


0.912 (0.373) 


1,9 (0.8) 


Tl/2 gamma (h) 


85 (69) 


24,8 (7.5) 


24.2 (10) 


40 (18) 


Vss (Vkg) 


8.42 (3.17) 


27.3 (15) 


8,84 (4.35) 


27 (19) 


Clearance (l/lcg/h) 


0.106 


0.252 


0,740 


0.8 (0,53) 


Urinary elimination 


10-20% 


<10% 


<10% 


<8% 
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• Short term incubation with viable human hepa- 
tocytes. Human viable hepatocytes maintained in 
suspension are exposed to 5 . 10~ 7 M 3H-NVB. 

Influx is intense and rapid with 55% of radioactivity 
entering the cellular fraction in 1 min, and 80% after 
1 h. While unchanged NVB accounts for 90% of 
intracellular radio-activity after 2 h» 72% of extracellular 
radio-activity are accounted for by 2 ou 3 metabolites. 

• Identification of metabolites. Preliminary observa- 
tions suggest that Navelbine-N-oxide is one of the 
metabolites and deacetyl-navelbine a second one. 

Tissue distribution 

Tissue distribution of vinorelbine has been studied in 
mouse, rat and primate. 

As for all VA, NVB undergoes intense tissue 
fixation with the highest concentrations found in spleen, 
liver, kidney, heart. High tissue levels are also found in 
the lungs. 

With quantitative determinations, tissue concentra- 
tions are 3 to 10 times higher than with other VA. This 
tissue distribution account for higher distribution volume 
of NVB. 

Binding and influx 

Rapid and intense intracellular influx is observed with 
Navelbine : 2 binding sites can be characterized on 
plasma membranes (a) high affinity binding site (Kd = 
.104 uM), (b) low affinity binding site (Kd « 
59.2 uM); passive transport (Km » 2.38 pM) accounts 
for 35% of influx; active, energy requiring transport 
accounts for 25% of influx. 

Mechanism of action 

Main mechanism of action of VA is their binding to 
tubulin resulting in their action on the assembly/ 
diassembly of microtubules (3, 8, 11]. Microtubules are 
involved in the structure of cytoskeleton, the migration 
of chromosomes during mitosis, the neuronal axoplas- 
matic transport. Tubulin — the smallest unit of micro- 
tubules — is an ubiquitous dimeric protein (molecular 
weight 110,000). It possesses 2 binding sites for VA 
[2], as well as different binding sites for GTP and GDP 
[19], colchicine and podophyliotoxine : the low affinity 
site appears involved in the inhibition of tubulin 
polymerization while the high affinity site seems to be 
connected with formation of paracrystals. A direct 
relation exists between VA induced inhibition of tubulin 
polymerization, potency for arresting mitosis and experi- 
mental antitumor activity [13], so that inhibition of 
tubulin polymerization has became a screening test for 
the search of cytotoxic VA. Differences in the tubulin 
associated proteins and specifically in TAU content 
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between axonal and other tubultn-high TAU content 
accounting for VA induced tubulin spiralization — can 
explain peculiar neurotoxicity of some VA (VCR, 
VDS). 

Effect on cell cycle. It has been studied on L1210 
cells grown exponentially using flow cytofluorometry. 
NVB is a phase specific agent, with qualitative and 
quantitative effects similar to that of VCR; after cell 
exposure to non cytotoxic concentrations, no modifica- 
tions of cell cycle are observed (10 nM); when cytotoxic 
concentrations are used (>12nM)> a block in G2-M 
phases is induced, with subsequent cell death during 
interphase or second mitosis (at high NVB concentra- 
tions). 

Inhibition of microtubules assembly. Inhibition of 
microtubules assembly has been studied using both the 
microtubules complex (tubulin, MAPS), and in vitro 
reconstituted system with purified tubulin and homolo- 
gous or heterologous associated proteins. As shown in 
Table 5, vinorelbine, vincristine and vinblastin have a 
very similar effect, vincristinge being slightly more 
active. 

Tabic 5. Inhibition of tubulin polymerization in reconstituted system 
with purified adult (A) or newborn (N) rat tubulin and TAU. JD50 *= 
conccntraiion oF drug required to block polymerization of tubulin by 

50% 







1D50 (jxM) 






VCR 


VLB 


NVB 


Tubulin A 


+ TAU A 


0.7 


I 


0,9 


Tubulin A 


+ TAU N 


0.2 


0.3 


0.4 


Tubulin N 


+ TAU N 


0.2 


0,3 


0,4 



Induction of tubulin spiralization. To induce spirali- 
zation, much higher concentrations of NVB are required 
(2.5 to 4 times) than with VCR. Thus NVB appears as 
active as other VA when the cytotoxic mechanism is 
studied, while the low spiralizing potency suggests 
sparing of axons and better therapeutic index. 

Action on different types of microtubules. It has seen 
studied on 11 days mice embryos, using immunocyto- 
chemistry. Table 6 summarizes data from those studies. 
If VCR is the most active VA it affects 3 types of 
microtubules within the same range of concentrations. 
NVB is almost as active as VCR on mitotic microtubules 
and requires concentrations similar to those of VLB to 
affect axonal microtubules. 

Early clinical studies with Navelbine 

Preclinical studies with vinorelbine demonstrated promi- 
sing characteristics t therapeutic index and warranted 
clinical studies in humans. 
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Table 6. Effect of VA on various microlubular types in mouse 
embryo. Concentrations (jiM) achieving depolymerization after 90 min 
incubations are shown 



Microtubule types 


Agent 


Mitotic 




Inter phasic Axonal 




Kinelo 


Inter 






choriae 


polar 




Vincristine 


2 


2 


5 5 


Vinblastine 


40 


2 


5 30 


Vinorelbine 


5 


2 


5 40 



Phase I study 

Thirty-four patients with various malignancies refractory 
to conventional therapy entered this phase I study. NVB 
was given as a short weekly intra- veinous infusion, with 
a starting dose of 3 mg/m 2 . Further doses were defined 
according to a modified Fibonacci cheme, up to level 6 
{36 mg/m 2 ). 29/34 patients had previously received VA. 

Clinical tolerance has been excellent : 1 patient 
experienced grade I nausea and vomiting; no evaluable 
patient had alopecia; peripheral neuropathy was obser- 
ved in I patient; 3 patients experienced grade 1 skin 
rash; 2 patients had grade 1 constipation. 

Grade' I increment in transaminases occurred in 1 
patient. 

Leuco-neutropenia was the dose limiting side effect : 
leucocyte nadir ranged from 2.6 g/1 to 5.2 depending 
upon die dose (27 and 36 mg/m 2 ) and the number of 
drug administrations, 2/18 patients receiving a dose of 
27 mg/m 2 had thrombocytopenia (4/91 cycles). 

The dose recommanded for further studies was 
30 mg/m 2 . 

Although response rate was not an aim of this study, 
2/16 patients with lymphomas experienced a partial 
response. 

Phase U studies with Navelbine 

Subsequently disease oriented phase II studies have been 
initiated. A weekly IV dose of 30 mg/m 2 was scheduled 
in all the phase II studies. This review will focus first on 
activity then on tolerance pooling the data from all the 
phase II studies. 

Phase II study in Non Small Cell Lung Cancer. 
Activity of navelbine against lung cancer derived cell 
lines, as well as distribution of the drug in the lungs 
have prompted pbas6 II studies in Non Small Cell Lung 
Cancer (NSCLC). 

To be elligible patients should have pathologically 
confirmed NSCLC, without prior chemotherapy, not 
amenable to surgery and/or radiotherapy. 



NVB was administred IV at a weekly dose of 
30 mg/m 2 until progression or severe toxicity. Response 
was evaluated after 8 cycles (2 months). 

Seventy eight patients fulfilling Eligibility criteria 
received 981 cycles with a mean dose of 29.3 mg/m 2 . 
Seventy-eight are evaluable for tolerance, 69 are 
evaluable for response. Twenty-three experienced at 
least partial response (33 %±11 %) (Table 7). 



Tabic 7. Responses in the phase II study of navelbine in non small cell 
lung cancer according to stage and pathology 



Stage 


1 


H HI 


IV 


All 




(n=7) 


(n=l) (n=22) 


(n-39) 


patients 










(n=69) 


Squamous cell 


5- 


6 


6 


17 


(n=49) 








(34,7%) 


Adenocarcinoma 




1 


2 


3 


(n=15) 








(20%) 


Undifferenciated 




1 


2 


3 


(n=5) 








(60%) 




5 


8 


10 


23 




(71%) 


(36,4%) (25,6%) 


(33,3%) 



Median survival of the treated population was 32 
weeks; median survival time of responders is 63 weeks, 
Median duration of response has been 34 weeks. In 8 
patients response has lasted for more than 12 months 
[51 

Thus with a response rate of 33 %, navelbine 
appears one of the most active single agent in the 
chemotherapy of Non Small Lung Cancer [10]. The 
tolerability of weekly injections has permitted mainte- 
nance therapy in the responders, which can in part 
account for the duration of responses. 

Tolerance will be analyzed for all the patients treated 
during the phase II trials. Nevertheless, hematological 
tolerance in the NSCLC trial is of specific interest 
because of the duration of therapy in some patients. 

Leukopenia and neutropenia have been the most 
significant side effect : neutropenia was observed in 
49 % of cycles, graded (WHO) 3-4 in 21.4 % of cycles. 
However it was non cumulative, and of short duration 
(<7 days). 

Anemia was observed in 42 % of cycles (40 % 
Gl-2). No episode of thrombocytopenia was observed. 

Phase II study in advanced breast cancer. Thirty-six 
patients with advanced breast cancer entered the first 
study. Fourteen had previously received adjuvant 
chemotherapy; 10 had received chemotherapy as treat- 
ment of metastatic evolution; 13 had previously received 
hormonal therapy. Dominant sites of disease was : 
visceral [14], bone [14], soft tissue [12]. Navelbine was 
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given weekly at a dose of 30 rag/m 2 as a short IV 
infusion until progression or severe toxicity. Thirty-two 
pts are evaluable for response (438 cycles). Objective 
responses (PR-f CR) Have been achieved in 17 patients 
(53%±17%) with 4 of them achieving complete 
response, 2/7 treated with palliative chemotherapy 
experienced a partial response. Although preliminary, 
these results [4] suggest a striking activity in advanced 
breast cancer; ongoing studies should help to define 
more precisely the level of activity. 

Phase II study in advanced ovarian carcinoma. 
Thirty-four patients with advanced ovarian carcinoma 
were treated according to the same schedule. All had 
previously received cisplatinum containing chemothe- 
rapy and 9 had received pelvic or pelvic and abdominal 
irradiation. 

In those heavily pretreated patients neutropenia was 
more pronounced (grade >=3 in 27% of cycles); 
thrombocytopenia occurred in 2 patients and 3 cycles. 

One CR and 4 PR were achieved in 32 evaluable 
patients for a response rate of 15% [18]. 

Further studies are needed to assess activity of 
navelbine as second line therapy in patients previously 
treated with organo-platinum containing regimens. 

Phase II study in Hodgkin's disease. It has been 
possible to conduct a phase II study with navelbine in 
patients with advanced previously untreated Hodgkin's 
disease, as emergency treatment and before those 
patients could be given conventional chemotherapy 
(MOPP-ABVD). Thirty-two patients received 125 cycles 
of navelbine. Twenty-two had stage III or IV disease* In 
those young previously untreated patients, hematological 
side effects were reduced : neutropenia was observed in 
17% of cycles. 

After 4 weeks of navelbine therapy, 28/31 patients 
(90%) had experienced at least partial response. 

This study suggests a striking activity of navelbine in 
Hodgkin's disease. Trials are now in progress aiming at 
the study of navelbine containing regimens in second 
line therapy in patients with Hodgkin's disease. 

Tolerance during phase II studies. Side effects have 
been compiled throughout 1789 navelbine administra- 
tions during the phase II studies. 

• Hematological side effects. Neutropenia is the 
main side effect : significant neutropenia (grade >2) has 
been observed in 23% of cycles. It is reversible and of 
short duration (<7 days) and no cumulative toxicity has 
been noticed. Neutropenia can require temporary dose 
adjustment. 

Significant anemia (grade>2) complicates 2% of 
cycles. 

Thrombocytopenia has been observed only in pre- 
treated patients (1,2% of cycles). 



Hematological side effects, although the dose-limi- 
ting ones, have rarely been severe : however impaired 
marrow function can increase both their incidence and 
severity and can require dose-reduction of navelbine. 

• Non hematological sidd effects. Neurotoxicity 
manifested by a reduction of osteo-tendinous reflexes 
(6-29% of patients) and/or constipation (0-17% of 
patients) remains a rare event. Paresthesias occur in less 
than 2% of patients. Duration of treatment with 
navelbine, prior therapy with neurotoxic agents, abdo- 
minal irradiation can increase incidence of those side 
effects. 

Nausea and vomiting occur in 3% of patients 
receiving navelbine. Here again previous therapy with 
emetogenic agents and/or abdominal irradiation can 
increase incidence of this side effect. Control of 
drug-induced ernes is has never been a problem along 
those phase II studies. 

Significant alopecia (grade >2) has been observed in 
6% of patients. It can be easily prevented by scalp 
refrigeration. 

No other side effects have been observed. 

Conclusions 

Although still at an early stage of its development, 
Navelbine® has deserved an unusual amount of 
researches. 

Beginning with an original modification of the basic 
structure of vinca alkaloids, this has lead to a compound 
with specific pharmacological properties, not only 
compared to that of other VA but more generally in the 
field of anticancer agents. Available data demonstrate 
not only a broad spectrum of activity but also side 
effects limited to neutropenia, thus establishing promi- 
sing therapeutic index in animals and in humans. 
Navelbine may well be one of the more active agents in 
non small cell lung cancer and breast cancer. Further 
studies should establish the role of navelbine and define 
optimal combinations in those indications and inves- 
tigate activity and safety in other tumor types. 

Simultaneously, the specific approaches used to 
study Navelbine have brought new knowledge about the 
class of Vinca alkaloid agents : the study of reconsti- 
tuted microtubular systems supplies tools for the scree- 
ning of the antitumor activity and of the neurological 
toxicity; pharmacokinetics have unequivocally shown 
liver metabolism of VA and the possibility for entero- 
hepatic recirculation, These are some examples to show 
to which extent study of navelbine has increased the 
bulk of knowledge on vinca alkaloids. 

Apart from ongoing studies, studies aiming to 
demonstrate bioavailability of navelbine given orally are 
in progress. Should they be successful that they would 
lead to further renewal of vinca alkaloids. 



84 



M Marty et al : Advances in vinca-alkaloids : Navclbine* 



References 



1. Benchemsi N, Cbouffai Z, Bcnclwkroun S, (1988) Clinical 
evaluation of navclbine efficacy in won pretrcated advanced 
Hodgkin's dlsense. Eur Soc Med Oncol 13 : UO 

2. BhftttRchwyya B, Wolff J (1976) Tubulin aggregation and 
dlsaggregation-Mcdtatioo by two distinct Vinblastine binding- 
sites. Proc Natl Acad Scl USA 73 ; 2375-2378 

3. Bradc WP (1980) Critical review of phatmacology, toxicology, 
pharmacokinetic* of vincristine, vindesine, vinblastine. In : Bradc 
W, Nagel OA, Seeber S (eds), .Karger, Basely pp 95-123 

4. Canobbio U Pastortoo 0, Oasparini G (1988) Phase U study of 
navclbine in advanced breast cancer patients. 2nd Intern Congress 
on Neoadjuvant Chemother C38 

5. Depicrrc A, Lemarie E, Dabouis G (1988) Phase II study of 
navclbine in non small-cell lung cancer. Am Soc Clio Oncol 7 ; 
pp 778 

6. Oeorge M, Heron JF, Kerbntt P (1988} Phase U study of 
navelbinc in advanced ovarian carcinoma. A cooperative study of 
French Oncology Centers. Am Soc Clin Oncol 7 ; 553 

7. Guerritte F, Pouilhes A, Mangeney P (1983) Composed anthamo- 
raux du groups de la vinblastine : denv& de la nor- 
5'anhydrovinblastine. Eur J Med Chem 18 : 419-424 

8. Himes RH t Kersey RN, Helicr-Bettinger 1 (1976) Action of the 
vinca-alkaloids vincristine, vinblastine and desacctylvinblastine 
amide on microtubules in vitro. Cancer Res 36 ; 3798-3802 

9. Johnson IS, Amstrong JO, Gorman M The vinca-alkaloids : a new 
class of oncolytic agents. Cancer Res 23 : 1390-1427 

10. Kris M, Cohen E, Grallu R (1935) An analysis of 134 phase 11 



trials in non small lung cancer. Proc I Vth World Conf Lung Cane 
4; 199 

11. Marty M, Calvo F, Espie M (1988) Anticanofreujt. In : Gtroud 
JP, Mathe G, Meynlel G (eds) Pharmacologic clinique* Expansion 
Scientifique Franchise, Paris 

12. Nelson RL, Dyke RW, Root MA (1980) Comparative pharmaco- 
kinetics of Vindcsinc, Vincristine and Vinblastine in patients with 
cancer. Cancer Treut Rev 7 ; 17-24 

13. Owellen RJ f Hartke CA, Dlckcrxon RM (1976) Inhibition of 
tubulin-microtubule polymerization by drugs of the vinca-aikalold 
class. Cancer Res 36 : 1499-1502 

14. Rahman! R, Martin M, Barbel J (1984) Radioimmunoassay and 
preliminary pharmacokinetic studies in rats of 5'noran hidrovln- 
blastine. Cancer Res 44 ; 5609-5613 

15. Rahmani R, Bruno R, Hindis A (1987) Clinical pharmacokinetic* 
of the antitumor drug navclbine. Cancer Res 47 : 5796-5799 

16. Rahmanl R, Gueritte F, Martin M (1986) Comparative pharmaco- 
kinetics of antitumor vincn-alkoloids : intravenous bolus injections 
of navclbine and related alkaloids to cancer patients and rats. 
Cancer Chemother Pharmacol 16 : 223-228 

17. Sweeney MJ, Boder GW» Cultinan QJ (1978) Antitumor activity 
of deacetylvinblastineamide sulfate (Vtodeslnc) in rodents and 
mitotic accumulation studies in culture. Cancer Res 38 ; 2886- 
2891 

18. Todd GC, Gritting WJ, Gibson WR (1979) Animal models for the 
comparative assessment of neurotoxicity following repeated 
administration of vinca alkaloids. Cancer Treat Rep 63 : 35-4 J 

19. Weisenberg RC (1975) The role of nucleotides in microtubule 
assembly. Ann NY Acad Scl 253 : 573-576 

Received/Accepted December 9, 1983 



